MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  Of  STANDAROS  I96J-A 


i  •*/ 


SECURITY  classification  of  this  page 


1*  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 


2&  security  classification  AUTHORITY 


REPORT  DOCUMENTATION  PAGE 


lb.  RESTRICTIVE  MARKINGS 


13.  OlSTRISUTtON/AVAilASILITY  OF  REFORT 


2b  OCCLASSIFICATION/OOWNGRAOINQ  SCHEDULE 


4.  PERFORMING  ORGANIZATION  REPORT  NUMBER(S) 

NRL  Memorandum  Report  5270 


6a.  NAME  OF  PERFORMING  ORGANIZATION 

Naval  Research  Laboratory 


6c.  AOORESS  (City.  State  and  ZIP  Code > 

Washington,  DC  20375 

NAME  OF  FUNOING/SPQNSORING 

8b.  OFFICE  SYMBOL 

ORGANIZATION 

(If  applicable  i 

Defense  Nuclear  Agency 

Sc.  AOORCSS  (City.  State  and  ZIP  Code! 

Washington,  DC  20305 


11.  TITLE  (Include  Seeurtty  Classification! 

(See  page  ii) 


12.  PERSONAL  AUTHORISI 

A.  W.  Aii 


13a.  TTPE  OF  REPORT 

Interim 


(Approved  for  public  release;  distribution  unlimited. 


6.  MONITORING  ORGANIZATION  REFORT  NUMEER(S) 


7a  NAME  OF  MONITORING  ORGANIZATION 


7b.  AOORESS  (City.  Staid  and  ZIP  Code) 


10.  SOURCE  OF  FUNDING  NOS. 


PROGRAM 

PROJECT 

- T 

TASK 

ELEMENT  NO. 

NO. 

NO. 

6271SH 

WORK  UNIT 
NO. 


47-1  606-0-4 


14.  OATE  OF  REPORT  (Yr..  Mo..  Day > 

February  22.  1984 


15.  PAGE  COUNT 

27 


IE.  SUPPLEMENTARY  NOTATION 

This  work  was  sponsored  by  the  Defense  Nuclear  Agency  under  Subtask  I25BMXIO,  work  unit  00024  and  work  unit 
title  “Early  Time  Plasma.” 


IS.  ABSTRACT  (Continue  on  rweerte  if  necessary  and  identity  by  bloc*  numkart 


IE  SUBJECT  TERMS  (Continue  pa  revere*  if  necessary  and  identify  by  block  number) 

Plasma  diagnostics  3371 A  Bands 

Band  intensity  Electron  density 

Excitation  cross  section  3914 


— 5  A  scheme  is  presented  for  the  determination  of  the  electron  density  and  temperature  in  a  background  gas  surrounding 
a  laser  produced  plasma.  The  background  gas  (Nj)  is  photoionized  by  the  ionizing  radiation  from  the  laser  produced 
plasma.  Band  intensities  of  3914Xand  3371 A  from  Sit*  and  N;  are  utilized  for  the  determination  of  the  state  of  the 
background  plasma.  , 

T  n-a('0 


20.  OISTRIEUTION/AVAILABILITY  OF  ABSTRACT 
UNCLASSIPliD/UNLIMITI O  IS  SAMI  AS  MAT.  □  OTIC  USERS  □ 


23.  SAMI  OF  AtSFONSItL*  INDIVIDUAL 

A.  W.  Ali 


DO  FORM  1473,  83  APR  EDITION  OF  1  JAN 


121.  ABSTRACT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 


22b.  TELEPHONE  NUMBER 

(Include  JfM  Code i 

(202)  767-3762 


EDITION  OF  1  JAN  73  IS  OBSOLETE. 


22c.  OFFICI  SYMBOL 

Code  4700.1 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


I 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 
n.  TITLE 

THE  ELECTRON  DENSITY  AND  TEMPERATURE  IN  THE  PHOTOIONIZED  BACKGROUND  GAS  (N,) 
SURROUNDING  A  LASER  PRODUCED  PLASMA 


SECURITY  CLASSIFICATION  OF  THIS  PAGE 


ii 


CONTENTS 


INTRODUCTION  .  1 

NITROGEN  EMISSION  BANDS  FOR  PLASMA  DIAGNOSTICS  .  2 

THE  391 4 A  BAND .  2 

THE  3371A  BAND .  4 

BAND  INTENSITY  RELATIONS  .  8 

CALCULATIONS  OF  Ne  AND  Te  .  10 

CONCLUSIONS  .  13 

ACKNOWLEDGMENT  .  13 

REFERENCES  .  14 


iii 


r 

I 

THE  ELECTRON  DENSITY  AND  TEMPERATURE  IN  THE 
PHOTOIONIZED  BACKGROUND  GAS  (N2) 

SURROUNDING  A  LASER  PRODUCED  PLASMA 

1.  INTRODUCTION 

The  early  time  phenomena  of  a  nuclear  detonation  can  be  simulated  in  the 
laboratory  by  focusing  a  high  power  laser  onto  a  target.  The  laser  produced 
plasma  expands  into  a  suitable  background  gas  which  is  swept,  compressed  and 
ionized  by  the  expanding  plasma.  Various  interesting  physical  processes,  such 
as  coupling  mechanisms  can  be  studied  in  the  laboratory. 

The  high  density  and  high  temperature  plasma,  however,  emits  radiation 
whicn  photoionizes  the  background  gas  ahead  the  plasma  expansion  into  the 
gas.  Such  a  photoionized  region  resembles  what  is  generally  called  the  UV- 
Fireball  in  high  altitude  nuclear  detonations.  The  state  of  the  background 
gas  ana  its  degree  of  ionization  can  provide  informantion  on  the  amount  of 
ionizing  radiation  absorbed  in  the  gas  as  well  as  on  debris-gas  coupling. 

In  this  report  we  describe  a  theoretical  approach  to  determine  the  state 
of  the  photoionized  background  gas,  i .e.  the  electron  density  and  the  electron 
temperature.  This  approach  is  based  on  spectroscopic  quantities  which  can  be 
measured,  and  is  in  support  of  the  NRL  experiments1  on  the  early  time 
phenomena. 

For  a  background  gas  of  nitrogen  (Ng)  the  intensities  of  two  bands 
emissions,  one  at  3914A  and  the  other  at  3371A  can  be  utilized  to  determine 
the  electron  density  and  the  electron  temperature.  These  emissions,  at 
3914A  and  3371A  are  the  (0,0)  transitions  in  the  first  negative  and  the 
second  positive  bands  systems  of  N^+  and  N^  ,  respectively. 

This  report  gives  the  description  for  the  calculations  of  these 
intensities  by  discussing  the  excitation  and  deexcitation  mechanisms  that 
affect  the  band  intensities.  It  provides  the  appropriate  cross  sections. 

Manuscript  approved  November  29,  1983. 


1 


quenching  coefficients  and  radiative  decay  rates  which  are  essential  for  these 
calculations.  Finally  the  report  utilizes  the  formalism  to  calculate  the 
electron  density  and  the  electron  temperature  in  the  NRL  experiment  for  two 
background  gas  pressures  of  5  Torr  and  1.5  Torr. 

2.  NITROGEN  EMISSION  BANDS  FOR  PLASMA  DIAGNOSTICS 

The  nitrogen  molecule  and  its  ion  have  numerous  bands2  which  emit  in  the 
ultraviolet,  visible  and  infrared.  Many  of  these  bands  can  be  used  for 
diagnostics  of  nitrogen  plasmas.  Two  specific  bands,  however,  the  first 
negative  and  the  second  positive,  shown2  in  Fig.  1,  have  often  been  utilized 
for  plasma  diagnostics  and  as  a  measure  of  electron  and  x-ray  energy 
depositions4"*0  in  N2  and  Air.  The  strongest  transitions  in  these  bands  are 
the  (0,0)  transitions  and  are  at  3914-  from  the  first  negative  band  and 
337 1 A  from  the  second  positive  band.  The  excitation  mecnanisms  and  various 
parameters  of  interest  to  these  two  bands  have  been  reviewed  by  Ali**  and  are 
discussed  here  briefly. 

2.1  THE  3914 A  BAND 

The  3914A  band  corresponds  to  the  (0,0)  transition  in  the  first  negative 
2  2  +• 

bands  system  (B  Z  *  X  E)  of  N2  .  The  upper  level  of  this  transition  has  a 
weighted*2  life  time  of  62.5  nsec  which  implies  a  total  decay  rate  of 
1.6xl07sec"*.  Using  the  relevant  Frank  Condon  factors*2  one  obtains  a  rate  of 
1.04xl07sec"*  for  the  (0,0)  transition.  In  addition  to  the  radiative  decay, 
the  upper  level  for  the  3914 A  transition  is  quenched  by  N2  according  to  the 
following  reaction 


n2+(b,o)  +  n2  -  n2+  (X)  +  n2 


(1) 


2 


POTENTIAL  ENERGY  (eV> 


i 


Fig.  1  The  partial  energy  diagram  of  N2  and  N2+  where  emissions  from  the 
first  negative  and  the  second  positive  bands  are  indicated. 
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A  weighted  average11  for  the  quenching  rate  coefficient  for  process  (1),  based 
on  various  measurements,  is  4.6xl0"10cm8/sec . 

The  upper  level  of  the  first  negative  band,  N^fB)  ,  is  produced  by 

photoionization  as  are  the  other  ionization  continua  of  N^+  .  However,  this 
ionization  contiuum  represents14  <  10%  of  the  total  ionization  of  for 
radiation  of  X  <  650A  .  The  dominant  excitation  of  the  3914A  ,  on  the  other 
hand,  results  from  electron  collision  with  the  ground  state  of  the  ion, 
according  to 


e  +  N2+  (X)  -  N2+  (B,0)  +  e  (2) 

The  cross  section  for  this  process  has  been  measured  by  Lee  &  Carlton15  and  oy 

Crandall,  et  al18  and  are  shown  in  Figure  2.  However,  the  measurement  of  Lee 

and  Carlton18  is  too  high  as  a  rate  coefficient  determination17  have  indicated 
previously.  The  reverse  process  of  reaction  (2)  can  contribute  to  the 

deexcitation  when  the  electron  density  is  high. 

2.2  THE  3371 A  BAND 

The  3371 A  band  represents  the  (0,0)  in  the  second  positive  bands  system 

3  3  = 

of  which  correspond  to  the  C  n  (v)  B  it  (v)  transitions.  The  lifetime  of 
the  upper  level,  (v  =  0)  has  been  measured  and  calculated  (see  Ref.  11 

for  details).  A  weighted  average  of  the  measurements  yield  36.6  nsec  for  v  = 
0  state,  which  implies  a  radiative  decay  rate  of  2.7xl07sec_1 .  Using  the 
appropriate  Frank  Condon  factors18  one  obtains  a  rate  of  1.22xl07sec'1  for 

the  3371 A  transition. 
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The  C  it  (v  =  o)  state,  the  upper  level  for  the  337 1A  is  quenched  in 
collisions  with  N2  according  to  (3) 

N2  [C3*  (v  =  0)]  +  N2  -  N2  +  N2  (3) 

Where  a  recommended^  value  for  the  rate  coefficient  is  1.12xl0"^cm3/sec , 

based  on  various  measurements  (see  Ref.  11  for  details). 

3 

The  C  it  (0)  state  is  excited  by  electron  impact  from  the  ground  state  of 

1  3 

This  excitation  is  a  transition  from  a  singlet,  z  ,  to  a  triplet,  ir  , 

state  and  clearly  can  not  be  excited  by  photoabsorption,  because  it  is  a 

forbidden  transition.  The  cross  section  for  the  excitation  of  the  C  it  state 

has  been  measured  and  calculated  by  numerous  investigators  and  is  reviewed  in 

Ref.  19.  Figure  3  shows  the  337 1 A  emission  cross  section20  for  excitation 

from  the  ground  state  of  N2.  In  addition  to  the  quenc.n  ng  of  the  C-state  by 

N2,  it  can  be  deexcited  by  electron  collisions.  However,  the  deexcitation  to 
3 

the  B  it  state  is  more  effective.  On  the  other  hand,  the  cross  section  for 
this  process  is  not  known  but  can  be  estimated2^.  Other  possible  sources22  of 
the  3371 A  excitation  is  the  dissociative  recombination  of  N4+  with  electrons, 
where  a  very  small  fraction  results  in  the  3371A  emission.  However,  one  must 
consider  the  time  scale  for  the  formation  of  in  order  to  estimate  its 
contribution  to  the  3371 A  emission.  The  coefficient23  for  its  formation  is 
5xl0"2^cm^/sec ,  which  implies  ~  lOu  sec  for  the  formation  at  a  pressure  of 
5  Torr  and  hence  is  negiligible  for  times  of  interest. 
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3.  BAND  INTENSITY  RELATIONS 

The  line  or  band  intensity  for  a  transition  from  an  upper  state,  n,  to  a 
lower  state,  n  ,  can  be  expressed,  for  an  optically  thin  case,  as 


I 


A  "  hv  " 


nn  nn 


(A) 


Here,  A  '  is  the  transition  rate,  hv  '  is  the  transition  enerqy 

(En'  =  hvnp)  *  Nn  *-he  population  density  of  the  excited  state,  n,  and  L  is 

the  length  of  the  emitting  plasma.  The  quantity  that  is  needed  in  (4)  is 
which  has  to  be  calculated.  In  the  case  of  an  optically  thick  case,  one  has 

to  perform  the  radiative  transfer  in  addition  to  the  calculation  of  the 

population  density  of  the  upper  and  the  lower  states  of  the  transition. 

The  calculation  of  Nr]  can  oe  obtained  from  the  solution  of  a  rate 

equation  which  considers  all  possible  production  and  loss  terms  that  affect 
the  excited  state.  Obviously,  this  has  to  be  done  in  conjunction  with  a  set 
of  rate  equations  which  considers  production  and  decay  of  the  electron  density 
and  all  relevant  species  in  the  plasma.  The  generation  of  ionization  clearly 
requires  the  knowledge  of  the  ionizing  source.  In  the  case  of  the  NRL 
experiment  one  has  to  know  the  flux  and  the  frequency  distribution  of  the 

ionizing  radiation.  Once  these  are  measured  the  above  detailed  prescription 
can  be  followed  to  determine  Nn  and  hence  the  plasma  parameters. 

However,  in  the  absence  of  a  quantitative  knowledge  of  the  ionizing 
radiation,  one  can  calculate  the  densities  of  the  upper  levels  assuming  a 
steady  state.  For  example,  the  population  densities  of  the  N^+  (B,  v  =  o) 

and  N2(C,v  =  o)  states  can  be  expressed  as 


N2+  (B,0) 


..  +  4* 

No  N,  <av> 
e  2 _ 

A0  +  ^  N2  +  Ne  Y+ 


(5) 
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N  N?  <av> 

n2  (C,o)  =  e-0- - 0 

'  A§  +  q°  N2  +  Ne  YU 


Where  Ng  is  the  electron  density,  AQ  is  the  transition  rate  for  the  decay  of 
v=o  state,  <ov>  is  the  excitation  rate  coefficient,  q  is  the  quenching  rate 
coefficient  and  Y  is  the  deexcitation  rate  coefficient  due  to  superelastic 
collisions.  The  superscripts  o  and  +  indicate  the  process  affecting  the 
3371 A  and  3914A  bands  which  are  from  a  neutral  species,  N2,  and  the  ion 
species,  N2+  ,  respectively. 

Using  relations  (5)  and  (6)  into  equation  (4)  one  obtains 


1(3914)  =  a“q  E( 3914) 


N  N«  <ov>+ 
e  i. 


A®  +  q+  N„  +  N  Y+ 
0  2  e 


N  N„  <av> 

1(3371)  =  A^  E( 3371)  T - 0 

00  fl00  *  ’  N2  *  Ne  1 


for  the  band  intensities  of  the  3914 A  and  3371 A  ,  respectively.  Here,  E(X)  is 
the  energy  of  the  band  X.  And  aJq  is  the  (o,o)  transition  rate  for  band  Z. 
Therefore,  the  measurements  of  an  absolute  intensity  of  one  band  and  the  ratio 
of  the  relative  intensities  of  the  two  bands  would  provide  the  necessary 
information  to  obtain  both  the  electron  density  and  the  electron  temperature. 
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In  the  absolute  intensity  relations  (see  Eq.  7  and  8)  and  in  the  ratio  of 

n  + 

the  two,  one  needs  the  rate  coefficients  <av>+,  <av>u  and  their  ratio  <?v>s  as 

<av>U 

a  function  of  the  electron  temperature.  These  rate  coefficients  and  their 
ratio  are  shown  on  Figures  4  and  5.  cy  are  obtained  from  the  emission  cross 
sections  averaged  with  the  electron  velocity  over  an  electron  Maxwellian 
velocity  distribution  and  then  multiplied  by  the  appropraite  factors  to  give 
the  rate  for  the  excitation  of  the  (v=o)  state. 

4.  CALCULATIONS  OF  N0  AND  T0 

In  the  NRL  experiment‘d  two  background  gas  pressures  of  1.5  Torr  and  5.0 

Torr  were  utilized.  The  measured  absolute  intensities  of  3914A  and  3371A  for 

the  case  of  1.5  Torr  of  N2  were  2.11  x  108  ergs  cm’^sr"1  and  4.13  x  108  ergs 

cm'l  Sr-*,  respectively.  The  corresponding  intensities  at  5  Torr  were  1.89  x 

108  erg  cm'2sr'^  and  3.28  x  108  erg  cm'^sr-^.  respectively. 

The  intensities  were  measured  at  a  distance  of  1  cm  from  the  target  and 

at  an  early  time  before  the  plasma  has  expanded  into  this  region.  The  length 

of  the  emitting  plasma  is  required  in  the  absolute  intensity  relations  (see 

Eqs.  7  and  8).  This  length  can  be  determined  by  placing  an  aperture^  in  the 

photoionized  region  which  blocks  the  ionizing  radiation  from  the  background 

gas  except  for  the  aperture  region  which  determines  the  plasma  dimensions.  In 

the  absence  of  an  aperture,  the  measured  intensity  along  the  line  of  sight  is 

composed  of  emissions  from  regions  of  the  background  gas  which  have  seen 

different  values  of  the  ionizing  flux.  This  is  because  the  intensity  of  the 

ionizing  radiation  varies  as  - j  e"  where  R  is  the  distance  from  a  point 

4ttR^ 

source  and  a  is  the  absorption  coefficient.  An  estimate  of  the  length  of  the 
emitting  plasma  can  be  made  by  calculating  the  relative  intensity  of  the 
ionizing  radiation  at  different  points  on  the  line  of  sight  which  is  one  cm 
away  from  the  point  source  and  is  perpendicular  to  the  laser  axis.  For  the 
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RATE  COEFFICIENT  (cmJ/sec) 


RATIO 


Fig.  5  The  ratio  of  <ov>+  to  <av>°  as  a  function  of  the  electron 
temperature. 


12 


case  of  the  1.5  Torr  -  75%  of  the  intensities  are  emitted  from  1.5  cm  length 
while  at  5  Torr  case  85%  of  the  intensities  are  from  a  1.5  cm  length.  Using 
these,  the  measured  intensities  and  intensity  relations  (7)  and  (8)  in 
conjunction  with  Figures  4  and  5  we  obtain  the  following  results.  For  1.5 
Torr  Tg  =  2.5  eV  and  Ng  =  2.5  x  lO*4  cm"2,  on  the  other  hand  for  the  case  of  5 
Torr  we  obtain  Tg  =  1.85  eV  and  Ng  =  5.6  x  lO^cnT^. 

5.  CONCLUSIONS 

The  electron  density  and  temperature  in  the  photoionized  region  of  the 
NRL  early  time  studies  can  be  estimated  in  the  manner  described  in  this 
report.  However,  the  region  where  the  measurements  were  made  (1  cm  from  the 
target)  were  photoionized  by  the  radiation  from  the  expanding  plasma.  In 
order  to  study  the  photoionized  region  (the  uv  fireball),  due  to  radiation 
from  the  debris-nitrogen  coupled  shell,  one  must  conduct  measurements  at 
distances  larger  then  one  cm  as  the  spectroscopic  measurements24  indicate. 
For  the  5  Torr  case  this  region  is  >  1.5  cm. 
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01CY  ATTN  RALPH  KILB 
01CY  ATTN  DAVE  SOULE 
01CY  ATTN  F.  FAJEN 
01CY  ATTN  M.  SCHEI3E 
01CY  ATTN  CONRAD  L.  LONCMIRE 
01CY  ATTN  3.  WHITE 

MISSION  RESEARCH  CORP. 

1720  RANDOLPH  ROAD,  S.E. 

ALBUQUERQUE,  NEW  MEXICO  87106 
dlCY  R.  STELLINGWERF 
01CY  M.  ALME 
01CY  L.  WRIGHT 

MITRE  CORPORATION,  THE 
P.O.  BOX  208 
BEDFORD,  MA  01730 

OICY  ATTN  JOHN  MORGANSTERN 
OICY  ATTN  C.  HARDINC 
OICY  ATTN  C.E.  CALLAHAN 

MITRE  CORP 

WESTGATE  RESEARCH  PARK 
1820  DOLLY  MADISON  BLVD 
MCLEAN,  VA  22101 
OICY  ATTN  W.  HALL 
OICY  ATTN  W.  FOSTER 

PACIFIC-SIERRA  RESEARCH  CORP 
12340  SANTA  MONICA  BLVD. 

LOS  ANGELES,  CA  90025 

OICY  ATTN  E.C.  FIELD,  JR. 


PENNSYLVANIA  STATE  UNIVERSITY 
IONOSPHERE  RESEARCH  LAB 
318  ELECTRICAL  ENGINEERING  EAST 
UNIVERSITY  PARK,  PA  L6802 
(NO  CLASS  TO  THIS  ADDRESS) 

OICY  ATTN  IONOSPHERIC  RESEARCH  LAB 

PHOTOMETRICS,  INC. 

4  ARROW  DRIVE 
WOBURN,  MA  01801 

OICY  ATTN  IRVING  L.  KOFSKY 

PHYSICAL  DYNAMICS ,  INC. 

P.O.  BOX  3027 
BELLEVUE,  WA  98009 

OICY  ATTN  E.J.  FREMOUW 

PHYSICAL  DYNAMICS,  INC. 

P.O.  BOX  10367 
OAKLAND,  CA  94610 
ATTN  A.  THOMSON 

R  i  D  ASSOCIATES 

P.O.  BOX  9695 

marina  del  rey,  ca  90291 


OICY 

ATTN 

FORREST  GILMORE 

OICY 

ATTN 

WILLIAM  B.  WRIGHT, 

OICY 

ATTN 

ROBERT  F.  LELEVIER 

OICY 

ATTN 

WILLIAM  J.  XARZAS 

OICY 

ATTN 

H.  ORY 

OICY 

ATTN 

C.  MACDONALD 

OICY 

ATTN 

R.  TURCO 

OICY 

ATTN 

L.  DeRAND 

OICY 

ATTN 

W.  TSAI 

RAND  CORPORATION,  THE 
1700  MAIN  STREET 
SANTA  MONICA,  CA  90406 
OICY  ATTN  CULLEN  CRAIN 
OICY  ATTN  ED  BEDROZIAN 

RAYTHEON  CO. 

528  BOSTON  POST  ROAD 
SUDBURY,  MA  01776 

OICY  ATTN  BARBARA  ADAMS 

RIVERSIDE  RESEARCH  INSTITUTE 
330  WEST  42nd  STREET 
NEW  YORK,  NY  10036 

OICY  ATTN  VINCE  TRAPANI 
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SCIENCE  APPLICATIONS,  INC. 
1150  PROSPECT  PLAZA 
LA  JOLLA,  CA  92037 

OICY  ATTN  LEVIS  M.  LINSON 
01CT  ATTN  DANIEL  A.  HAMLIN 
Old  ATTN  E.  FRIEMAN 
OICY  ATTN  E.A.  STRAKER 
Old  ATTN  CURTIS  A.  SMITH 
OICY  ATTN  JACK  MCDOUCALL 

SCIENCE  APPLICATIONS,  INC 
1710  COODRIDGE  DR. 

MCLEAN,  VA  22102 
ATTN:  J.  COCKAYNE 

SRI  INTERNATIONAL 
333  RAVENSWOOD  AVENUE 
MENLO  PARK,  CA  94025 


OICY 

ATTN 

DONALD  NEILSON 

OICY 

ATTN 

.ALAN  BURNS 

OICY 

ATTN 

G.  SMITH 

OICY 

ATTN 

R.  TSUNODA 

OICY 

ATTN 

DAVID  A.  JOHNSON 

OICY 

ATTN 

VALTER  G.  CHESNUT 

OICY 

ATTN 

CHARLES  L.  RINO 

OICY 

ATTN 

VALTER  JAYE 

OICY 

ATTN 

J.  VICKREY 

OICY 

ATTN 

RAY  L.  LEADABRAND 

OICY 

ATTN 

G.  CARPENTER 

Old 

ATTN 

G.  PRICE 

OICY 

ATTN 

R.  LIVINGSTON 

Old 

ATTN 

V.  GONZALES 

OICY 

ATTN 

D.  MCDANIEL 

TRU  DEFENSE  S  SPACE  SYS  GROUP 
ONE  SPACE  PARK 
REDONDO  3 EACH,  CA  90273 
OICY  ATTN  R.  K.  PLEBUCH 
OICY  ATTN  S.  ALTSCHULER 
OICY  ATTN  D.  OEE 
OICY  ATTN  D/  STOCXWELL 
SNIF/1575 

VISIDYNE 

SOUTH  BEDFORD  STREET 
BURLINGTON,  MASS  01303 
OICY  ATTN  W.  REIDY 
OICY  ATTN  J.  CARPENTER 
OICY  ATTN  C.  HUMPHREY 


TECHNOLOGY  INTERNATIONAL  CORP 
75  WIGGINS  AVENUE 
BEDFORD,  MA  01730 

OICY  ATTN  W.P.  BOQUIST 

TOYON  RESEARCH  CO. 

P.O.  Box  6890 
SANTA  BARBARA,  CA  93UI 
OICY  ATTN  JOHN  ISE,  JR. 
OICY  ATTN  JOEL  GARBARINO 
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